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(12) ring motifs, which are linked into stepped ribbons extending along [110] . The ribbons are linked in pairs by complementary C OÁ Á ÁCl interactions. -contacts between the benzene and phenyl rings, [centroid-centroid distance = 3.974 (1) Å ] may further stabilize the structure. The Hirshfeld surface analysis of the crystal structure indicates that the most important contributions for the crystal packing are from HÁ Á ÁH (23.4%), HÁ Á ÁCl/ClÁ Á ÁH (19.5%), HÁ Á ÁC/CÁ Á ÁH (13.5%), HÁ Á ÁN/NÁ Á ÁH (13.3%), CÁ Á ÁC (10.4%) and HÁ Á ÁO/OÁ Á ÁH (5.1%) interactions. Hydrogen bonding and van der Waals interactions are the dominant interactions in the crystal packing. Computational chemistry calculations indicate that the two independent C-H Bnz Á Á ÁN Prpnit and C-H Prpnit Á Á ÁO Thz hydrogen bonds in the crystal impart about the same energy (ca 43 kJ mol
À1
). Density functional theory (DFT) optimized structures at the B3LYP/6-311 G(d,p) level are compared with the experimentally determined molecular structure in the solid state. The HOMO-LUMO behaviour was elucidated to determine the energy gap.
Chemical context
1,4-Benzothiazine derivatives constitute an important class of heterocyclic systems. These molecules exhibit a wide range of biological applications indicating that the 1,4-benzothiazine moiety is a potentially useful template in medicinal chemistry research and has therapeutic applications as anti-inflammatory (Trapani et al., 1985; Gowda et al., 2011) , antipyretic (Warren & Knaus, 1987) , anti-microbial (Armenise et al., 2012; Rathore & Kumar, 2006; Sabatini et al., 2008) , anti-viral (Malagu et al., 1998) , anti-cancer (Gupta et al., 1985; Gupta & Gupta, 1991) and anti-oxidant (Zia-ur-Rehman et al., 2009) agents. 1,4-Benzothiazine derivatives have also been reported as precursors for the syntheses of new compounds (Sebbar et al., 2015a; Vidal et al., 2006) possessing anti-diabetic (Tawada et al., 1990 ) and anti-corrosion activities (Ellouz et al., 2016a,b; ISSN 2056-9890 Sebbar et al., 2016a). They also possess biological properties (Hni et al., 2019a; Saber et al., 2018; Ellouz et al., 2017a Ellouz et al., ,b, 2018 Sebbar et al., 2017) . As a continuation of our research work on the development of N-substituted 1,4-benzothiazine derivatives and the evaluation of their potential pharmacological activities, we report herein the synthesis and the molecular and crystal structures of the title compound along with the Hirshfeld surface analysis and the intermolecular interaction energies and the density functional theory (DFT) computational calculations carried out at the B3LYP/6-31 G(d,p) and B3LYP/6-311 G(d,p) levels, respectively.
Structural commentary
The title compound, (I), consists of a dihydrobenzothiazine unit linked by a -CH group to a 2,4-dichlorophenyl substituent and to a propanenitrile moiety (Fig. 1) . The dihydrobenzothiazine unit is folded along the SÁ Á ÁN axis by 13.50 (9) . The benzene ring, A (C1-C6), is oriented at a dihedral angle of 1.89 (6) with respect to the phenyl ring, C (C10-C15). A puckering analysis of the heterocyclic ring B (S1/N1/C1/C6-C8) of the dihydrobenzothiazine unit gave the parameters Q T = 0.1983 (15) Å , q 2 = 0.1957 (17) Å , q 3 = 0.0323 (19) Å , ' = 354.6 (6) and = 80.8 (5) , indicating it adopts a flattenedboat conformation. The propanenitrile moiety is essentially perpendicular to the dihydrobenzothiazine unit, as indicated by the C7-N1-C16-C17 torsion angle of 88.6 (2) . In heterocyclic ring B, the C1-S1-C8 [103.69 (9) ], S1-C8-C7 [121.12 (14) ], C8-C7-N1 [120.59 (17) ], C7-N1-C6 [126.27 (16) ], C6-C1-S1 [123.84 (15) ] and N1-C6-C1 [121.46 (17) ] bond angles are enlarged when compared with the corresponding values in the closely related compounds, (Ellouz et al., 2017a) and (2Z)-2-[(4-fluorobenzylidene]-4-(prop-2-yn-1-yl)-3,4 -dihydro-2H-1,4-benzothiazin-3-one, (III), (Hni et al., 2019a) , and are nearly the same as the corresponding values in (2Z)-4-[2-(2-oxo-1,3-oxazolidin-3-yl)ethyl]-2(phenylmethylidene)-3,4-dihydro-2H-1,4-benzothiazin-3-one, (IV), and (2Z)-2-[(2,4-dichlorophenyl)-methylidene]-4-[2-(2-oxo-1,3-oxazolidin-3-yl)ethyl]3,4-dihydro-2H-1,4-benzothiazin-3-one, (V), (Hni et al., 2019b) , where the heterocyclic portions of the dihydrobenzothiazine units are planar in (IV) and non-planar in (II), (III) and (V). The molecular structure of the title compound with the atom-numbering scheme. Displacement ellipsoids are drawn at the 50% probability level. Table 1 Hydrogen-bond geometry (Å , ). 
Supramolecular features
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Figure 2
A partial packing diagram viewed along the c-axis direction with the C-HÁ Á ÁO and C-HÁ Á ÁN hydrogen bonds shown, respectively, as black and blue dashed lines.
hydrogen bonds (Table 1 and Fig. 2 ), enclosing R 2 2 (16) ring motifs, and these units are linked into stepped ribbons extending along [110] by inversion-related C-H Prpnit Á Á ÁO Thz (Thz = thiazine) hydrogen bonds (Table 1 and Fig. 2 ), enclosing R 2 2 (12) ring motifs. The ribbons are arranged in pairs with inversion-related Cl2Á Á ÁO1 contacts of 3.027 (2) Å and C15 O1Á Á ÁCl2 angles of 170.41 (7) (Fig. 3) . The contact is noticeably less than the sum of the van der Waals radii (3.27 Å ), and the contact and angle compare well with corresponding parameters found in the structure of 2,5-dichloro-1,4-benzoquinone and attributed to attractive OÁ Á ÁCl interactions (Lommerse et al., 1996) . The -contacts between the benzene (C1-C6, centroid Cg1) and 2,4-dichlorophenyl rings (C10-C15, centroid Cg3) [Cg1Á Á ÁCg3(x À 1, y À 1, z) = 3.974 (1) Å ] may further stabilize the structure.
Hirshfeld surface analysis
In order to visualize the intermolecular interactions in the crystal of the title compound, a Hirshfeld surface (HS) analysis (Hirshfeld, 1977; Spackman & Jayatilaka, 2009 ) was carried out by using CrystalExplorer17.5 (Turner et al., 2017. In the HS plotted over d norm (Fig. 4) , the white surface indicates contacts with distances equal to the sum of van der Waals radii, and the red and blue colours indicate distances shorter (in close contact) or longer (distinct contact) than the van der Waals radii, respectively (Venkatesan et al., 2016) . The brightred spots indicate their roles as the respective donors and/or acceptors; they also appear as blue and red regions corresponding to positive and negative potentials on the HS mapped over electrostatic potential (Spackman et View of the three-dimensional Hirshfeld surface of the title compound plotted over electrostatic potential energy in the range À0.0500 to 0.0500 a.u. using the STO-3 G basis set at the Hartree-Fock level of theory. Hydrogen-bond donors and acceptors are shown as blue and red regions around the atoms corresponding to positive and negative potentials, respectively. (Table 2) , contributing 23.4% to the overall crystal packing, which is reflected in Fig. 7b as widely scattered points of high density due to the large hydrogen content of the molecule with the small split tips at d e + d i = 2.32 Å . The pair of wings in the fingerprint plot delineated into HÁ Á ÁCl/ClÁ Á ÁH contacts (19.5% contribution) have a nearly symmetrical distribution of points, Fig. 7c , with the thin edges at d e + d i = 2.82 Å . In the absence of C-HÁ Á Á interactions, the wings in the fingerprint plot delineated into HÁ Á ÁC/CÁ Á ÁH contacts (13.5%) also have a nearly symmetrical distribution of points, Fig. 7d 
Figure 6 Hirshfeld surface of the title compound plotted over shape-index. Fig. 8a-f , respectively.
The Hirshfeld surface analysis confirms the importance of H-atom contacts in establishing the packing. The large number of HÁ Á ÁH, HÁ Á ÁCl/ClÁ Á ÁH, H Á Á Á C/CÁ Á ÁH and HÁ Á ÁN/NÁ Á ÁH interactions suggest that van der Waals interactions and hydrogen bonding play the major roles in the crystal packing (Hathwar et al., 2015) .
Interaction energy calculations
The intermolecular interaction energies were calculated using the CE-B3LYP/6-31G(d,p) energy model available in CrystalExplorer17.5 (Turner et al., 2017) , where a cluster of molecules is generated by applying crystallographic symmetry operations with respect to a selected central molecule within a default radius of 3.8 Å (Turner et al., 2014) . The total intermolecular energy (E tot ) is the sum of electrostatic (E ele ), polarization (E pol ), dispersion (E dis ) and exchange-repulsion (E rep ) energies (Turner et al., 2015) with scale factors of 1.057, 0.740, 0.871 and 0.618, respectively (Mackenzie et al., 2017) . Hydrogen-bonding interaction energies (in kJ mol
À1
) were calculated to be À13.0 (E ele ), À1.8 (E pol ), À68.0 (E dis ), 48.3 (E rep ) and À44.4 (E tot ) for the C-H Bnz Á Á ÁN Prpnit hydrogenbonding interaction and À37.3 (E ele ), À9.3 (E pol ), À19.0 (E dis ), 33.7 (E rep ) and À42.0 (E tot ) for C-H Prpnit Á Á ÁO Thz .
DFT calculations
The optimized structure of the title compound in the gas phase was generated theoretically via density functional theory (DFT) using standard B3LYP functional and 6-311 G(d,p) basis-set calculations (Becke, 1993) as implemented in GAUSSIAN 09 (Frisch et al., 2009) . The theoretical and experimental results were in good agreement. The highestoccupied molecular orbital (HOMO), acting as an electron donor, and the lowest-unoccupied molecular orbital (LUMO), acting as an electron acceptor, are very important parameters for quantum chemistry. When the energy gap is small, the molecule is highly polarizable and has high chemical reactivity. The electron transition from the HOMO to the LUMO energy level is shown in Fig. 9 The energy band gap of the title compound. A search in the Cambridge Structural Database (Groom et al., 2016; updated to March 2019) , for compounds containing the fragment II (R 1 = Ph, R 2 = C), gave 14 hits. With R 1 = Ph and R 2 = CH 2 C CH IIa (Sebbar et al., 2014a) , CH 2 COOH IIb (Sebbar et al., 2016c), IIc and IIf (Sebbar et al., 2015b) , there are other examples with R 1 = 4-FC 6 H 4 and R 2 = CH 2 C CH IIa (Hni et al., 2019a) , R 1 = 4-ClC 6 H 4 and R 2 = CH 2 Ph2 IId (Ellouz et al., 2016c) and R 1 = 2-ClC 6 H 4 , R 2 = CH 2 C CH IIa (Sebbar et al., 2017) . In all these compounds, the configuration about the benzylidene C CHC 6 H 5 bond is Z, and in the majority of these, the heterocyclic ring is quite non-planar with the dihedral angle between the plane defined by the benzene ring plus the nitrogen and sulfur atoms and that defined by nitrogen and sulfur and the other two carbon atoms separating them ranging from ca 29 (IIa) to 36 (IIf). The other three (IIa, IIc) have the benzothiazine unit nearly planar with a corresponding dihedral angle of ca 3-4 .
Synthesis and crystallization
3-Bromopropanenitrile (2.0 mmol) was added to a mixture of (Z)-2-(2,4-dichlorobenzylidene)-2H-1,4-benzothiazin-3(4H)-one (1.8 mmol), potassium carbonate (2.0 mmol) and tetra nbutyl ammonium bromide (0.15 mmol) in DMF (20 ml). Stirring was continued at room temperature for 12 h. The salts were removed by filtration and the filtrate was concentrated under reduced pressure. The residue was separated by chromatography on a column of silica gel with ethyl acetatehexane (1/9) as eluent. The solid product obtained was recrystallized from ethanol to afford colourless crystals (yield: 82%).
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 3 . C-bound H atoms were positioned geometrically (C-H = 0.95 Å for aromatic and methine H atoms and 0.99 Å for methylene H atoms) and constrained to ride on their parent atoms, with U iso (H) = 1.2U eq (C). Computer programs: SAINT (Bruker, 2016), SHELXT (Sheldrick, 2015a) , SHELXL2018 (Sheldrick, 2015b) , DIAMOND (Brandenburg & Putz, 2012) and SHELXTL (Sheldrick, 2008) .
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3-{(2Z)-2-[(2,4-Dichlorophenyl)methylidene]-3-oxo-3,4-dihydro-2H-1,4-benzothiazin-4-yl}propanenitrile
Crystal data Special details Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. Refinement. Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , conventional R-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2sigma( F 2 ) is used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger. Hatoms attached to carbon were placed in calculated positions (C-H = 0.95 -0.99 Å) and included as riding contributions with isotropic displacement parameters 1.2 -1.5 times those of the attached atoms. 
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (
